Development and characterization of micellar systems for application as insect repellents  by Barradas, Thaís Nogueira et al.
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a  b  s  t  r  a  c  t
N,N-diethyl-meta-toluamide  (DEET)  is  a widely  used  insect  repellent  due  to  its  high  efﬁcacy.  In this
work,  micellar  systems  based  on poly(ethylene  oxide)–poly(propylene  oxide)–poly(ethylene  oxide)  tri-
block  copolymer  were  developed  and  studied  for  the purpose  of controlling  the  release  and  cutaneous
permeation  of  DEET,  using concentrated  solutions  of  the copolymer  Pluronic  F127  to form  thermore-
versible  gels.  The  formulations  presented  thermoreversible  gelation  above  5 ◦C  and  altered  rheological
behavior  at  15  and 25 ◦C. The  presence  of  the  drug  drastically  changed  the sol–gel  transition  tempera-
tures.  The  micrographs  suggest  that  DEET  induced  the formation  of  anisotropic  structures,  and  Maltese
Crosses  were  observed.  The  formulation  containing  10 wt%  DEET  and 15 wt%  Pluronic  F127  presentediquid crystals
nsect repellent
rug release systems
sustained  drug  release  for  up to 7  h. DEET  release  proﬁle  followed  the Higuchi  kinetics  model.  There  was
a  reduction  of approximately  35%  in the  amount  of  DEET  absorbed  through  the  skin  after  6 h. About  62%
of  DEET  from  the  formulation  consisting  of  Pluronic  F127  and  DEET  remain  retained  on  the skin.  The
anisotropic  structure  may  constitute  a barrier  to diffusion  and thereby  controlling  the  drug  release  effec-
tively.  These  tests  suggest  that  the  tested  samples  exhibit  safety  proﬁle  greater  than  some  commercially
available  products.. Introduction
In the world, millions of people suffer each year from dis-
ases transmitted by mosquitoes, which are considered to be the
ain cause of contagious diseases (Tolle, 2009). Besides these dis-
ases, insect bites and stings cause local discomfort and irritation.
lthough more common in tropical and subtropical regions, out-
reaks of insect-borne disease can occur any place in the world.
ublic strategies which aim vector control and reduce disease
ncidence can lower the risk of epidemics. However, individual pro-
ection is still one of the main forms of prevention and is particularly
mportant because of the absence of vaccines and curative treat-
ents for the great majority of these diseases (Bissinger and Roe,
010; Impoinvil et al., 2007).
Among the commercial repellents, products containing N,N-
iethyl-meta-toluamide (DEET) (Fig. 1) have been used for decades
ue to its good repellent activity (Sudakin and Osimitz, 2010). How-
ver, there are reports, although rare, of severe adverse reactions
∗ Corresponding author. Tel.: +55 21 2562 7209.
E-mail address: thaisbarradas@ima.ufrj.br (T.N. Barradas).
378-5173/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
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to products containing DEET (Antwi et al., 2008; Masson, 2011).
These events are usually related to the presence of the molecule in
the bloodstream, since DEET is capable of passing through the cuta-
neous barrier, reaching deeper skin layers by diffusion and entering
the blood vessels quickly (Winter, 2005).
Polymeric micelles can be used in drug carrier systems as well
as for guided release due to their high encapsulation capacity.
Pluronic F127 or Poloxamer 407 is a commercial block copolymer
with A–B–A architecture, a symmetrical structure composed of a
central segment of poly(propylene oxide) (PPO) and two periph-
eral segments of poly(ethylene oxide) (PEO). Therefore, this block
copolymer presents surfactant activity and it is widely used in for-
mulating pharmaceutical products because of its thermoreversible
gelation characteristic, allowing the drug to remain at the adminis-
tration site for longer periods and enhancing its therapeutic efﬁcacy
(Alexandridis et al., 1996; Pepic et al., 2004; Ruel-Gariepy and
Leroux, 2004; Sharma and Bhatia, 2004; Sharma et al., 2008). The
gelation phenomenon of concentrated solutions of Pluronic F1227
have been attributed to the formation of ordered structures such
as liquid crystals with lamellar, cubic or hexagonal arrangements
(Ivanova et al., 2000; Liu and Chu, 2000). Recently, gels based
on Pluronic F127 have been receiving special attention for the
634 T.N. Barradas et al. / International Journal of Pharmaceutics 454 (2013) 633– 640
erties of DEET (Santhanam et al., 2005).
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Table 1
Formulations prepared and the ratio between G′/G′′ at three temperatures studied.
Formulation Composition Temperature G′/G′′
I Pluronic F127 12% 5 ◦C 5.9
DEET 5% 15 ◦C 6.4
H2O qsp 20 mL 25 ◦C 3.6
II  Pluronic F127 12% 5 ◦C 4.3
DEET 7% 15 ◦C 4.3
H2O qsp 20 mL 25 ◦C 4.2
III  Pluronic F127 12% 5 ◦C 1.7
DEET 10% 15 ◦C 4.3
H2O qsp 20 mL 25 ◦C 4.2
IV  Pluronic F127 15% 5 ◦C 5.4Fig. 1. Structure and physical prop
evelopment of dermal and transdermal release systems, to has-
en or retard the permeation of drugs through the skin (Antunes
t al., 2011). The thermoreversible characteristic and release pat-
ern make Pluronic F127 a good candidate to be a carrier of drugs
hrough various administration routes (Bivas-Benita et al., 2004;
ojarunchitt et al., 2011).
The attempt to reduce the permeation rate of synthetic repel-
ents through the skin is a challenge that must be overcome during
he development of new repellent formulations, so as to minimize
he risk of cutaneous absorption of molecules such as DEET. In
his context, the application of polymers to modify the drug diffu-
ion trough the formulation’s vehicle, or for microencapsulation of
ctive substances to control their release, is of fundamental impor-
ance for the development of new formulations.
. Experimental
.1. Materials
The synthetic insect repellent DEET (N,N-diethyl-meta-
oluamide) (Clariant S/A, São Paulo, Brazil) cellulose acetate
embrane (pore size of 0.2 m and thickness of 43 mm)  (Sigma,
O,  USA); and the poly(ethylene oxide)–poly(propylene oxide)
lock copolymer, Pluronic F127 (Sigma, MO,  USA) were used in
his study.
.2. Methods
.2.1. Preparation of the formulations
The formulations were prepared by adding a mass of the solid
riblock copolymer to an appropriate amount of ultrapure water.
he polymer/water mixture was then cooled to 2 ◦C until all the
olids were dissolved for 24 h. Appropriated amounts of DEET were
dded to the systems and then the samples were processed in an
ltra-Turrax® (IKA, model T10) homogenizer at 8000 rpm for 2 min.
ll the samples were kept in a refrigerated bath at 4 ± 2 ◦C. The con-
entrations of polymer and repellent are expressed as percentage
y weight (wt%) (Table 1).
.2.2. Rheological characterization of the micellar systems
The dynamic and steady-state analyses were carried out in a
otational rheometer Rheostress 600 (Haake, Karlnuhe, Germany).
easurements were performed in a stainless steel cone-plate
eometry, with a cone diameter of 35 cm and angle of 1◦ and a gap
f 0.052 mm.  The temperature was controlled by a Phoenix II cool-
ng and heating system (precision of 0.1 ◦C). In order to minimize
ater evaporation, a solvent trap has been used during rheological
xperiments. All samples were analyzed at three temperatures (5,
5 and 25 ◦C). The reliability of the measurements was  assured by
btaining the rheograms in triplicate at all temperatures studied.DEET 10% 15 ◦C 4.5
H2O qsp 20 mL 25 ◦C 5.6
The rheological characterization was performed in four steps:
(a) The ﬂow experiments were carried out in a shear rate range
between 0.01 and 100 s−1. The ﬂow curves were deter-
mined with two  consecutive continuous shear rate ramps of
0.01–100 s−1 with ascending and descending cycle.
(b) The sol-gel transition was  determined by observing the vis-
cosity variation under heating at a rate of 3 ◦C min−1, in the
temperature interval of 5–40 ◦C. The experiments were con-
ducted at a constant shear rate of 100 s−1.
(c) Oscillatory tests were conducted to determine the region of lin-
ear viscoelasticity with variation of deformation from 0.1 to
600% at a frequency of 1.0 Hz.
(d) The viscous modulus (G′′) and elastic modulus (G′) were deter-
mined as a function of the variation of frequency from 0.1 to
90 Hz, under constant deformation of 0.3%.
2.2.3. Polarized light microscopy
An Olympus BX50F-53 microscope was used in this study. A
droplet of each sample was pressed between the slide glass and
the coverslip so as to have thickness of only a few microns. Then,
the slide system was placed in a sample holder and analyzed under
polarized light, at room temperature (25 ± 2 ◦C).
The micrographs were captured by a Nikon Coolpix 5400 camera
coupled to the ocular lens and were digitized using a video capture
card, which transmitted the data directly to a personal computer.
2.2.4. Quantiﬁcation of DEET by high performance liquid
chromatography (HPLC)
We  initially constructed a calibration curve using a Jasco MDS-
2010 Plus chromatograph, with an NST C18 column (25 cm)  and
a PDA detector, using the method developed and validated by
Kasichayanula et al. (2005). The mobile phase was composed of
methanol and water (70:30), with ﬂow of 1 mL  min−1, loop of 20 L,
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3.1.2. Determination of the sol–gel transition point
The sol–gel transition was  determined by the relation between
viscosity and temperature, and the results shown in Fig. 3a and b
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DA detector at 240 nm,  and retention time of 5.01 min. The cali-
ration curve was obtained by the ratio of the area under the curve
n function of the concentration of the injected solution. Five solu-
ions were tested with theoretical concentrations of 15.0, 25.0, 35.0,
5.0 and 50.0 g mL−1. The analyses were conducted in triplicate.
.2.5. Solubility, sink conditions and in vitro release of DEET
A vertical diffusion system was assembled for the in vitro release
tudies. The system was composed of a donor compartment and
eceptor compartment between which a semi-synthetic membrane
omposed by cellulose acetate was placed. The diffusion area was
.54 cm2 and the volume of the receptor compartment was  50 mL.
n order to ensure the sink conditions, the receptor compartment
as ﬁlled with phosphate buffered saline (PBS) buffer pH 7.4 and
0% ethanol and maintained at 32 ◦C under constant stirring. Then,
.5 g of sample was applied in the donor compartment. The PBS
omposition was 8.0 g NaCl, 0.2 g KCl, 1.44 g Na2HPO4 and 0.24 g
H2PO4.
At predeﬁned intervals (30 min, 1, 2, 3, 4, 5, 6 and 7 h), aliquots
f 500 L were removed for analysis and then replaced with fresh
eceptor solution. The samples were analyzed by HPLC. The trans-
ort of the DEET through the membrane was deﬁned as the quantity
f DEET released per unit of time.
The zero-order, Higuchi (pseudo zero order) and ﬁrst-order
inetic models were applied in the release proﬁles presented at
he end to obtain the most appropriate model for each proﬁle. The
hoice of the best model was made based on the linear correlation
oefﬁcient (r) obtained in each linear regression analysis.
Zero-order kinetics is represented by Eq. (1),
t = Q0 + K0t (1)
here Qt is the quantity of the drug released at time t, Q0 is the
nitial quantity of the drug in the solution and K0 is the zero-order
elease constant and t is the time. First-order kinetics is described
y Eq. (2),
n Qt = ln Q0 + Ktt (2)
here Qt is the amount of the drug released at time t, Q0 is the
nitial quantity of the drug in the solution and Kt is the ﬁrst-order
elease constant (Costa and Sousa Lobo, 2001). The Higuchi model
s described by Eq. (3),
t = Kh +
√
t (3)
here Qt is the quantity of the drug released at time t and Kh rep-
esents the Higuchi release constant (Higuchi, 1961).
.2.6. In vitro skin permeation study
We  performed the skin permeation assay into two  stages:
he ﬁrst one consisted of the skin permeation test, which
valuated the amount of DEET that crossed the skin barrier,
eﬂecting a possible absorption of DEET into the bloodstream.
he second stage consisted of the retention test in the stratum
orneum/epidermis/dermis, assessing whether DEET was  retained
n the skin and thus, might exert a residual topical effect.
Skin permeation studies were carried out using Franz diffu-
ion cells. The cell body was ﬁlled with 8 mL  of a receptor phase
onsisting of PBS pH 7.4, according to the method published by
arr et al. (2012) and Kasting et al. (2008). The receptor medium
as constantly stirred and thermostated at 32 ◦C throughout the
xperiments. Approximately 200 mg  of formulations I, IV and the
ontrol samples were placed in the donor chamber onto the stratum
orneum of abdominal mouse skin, in occlusive conditions. The dif-
usion area was 1.77 cm2.
Samples of 200 L were taken 30 min, 1, 2, 4 and 6 h after appli-
ation of formulation and replaced with fresh receptor solution. All
amples were submitted to HPLC analysis.f Pharmaceutics 454 (2013) 633– 640 635
After 6 h of the experiment, the Franz cells were disassembled,
and the excess formulation was  removed from the surface of skins.
The treated areas of skin segments were triturated and disposed
in different tubes. 5 mL  of methanol were added to the tubes and
the extraction of DEET was  proceeded for 24 h. The samples were
ﬁltered by disposable ﬁlter unit (0.45 mm)  and analyzed by HPLC.
2.2.7. Data analysis
All the statistical tests were repeated three times and expressed
as the mean ± SE using Origin Pro 8 (OriginLab, USA) software.
3. Results and discussion
3.1. Rheological characterization of the micellar systems
3.1.1. Flow experiments
Flow experiments were conducted with the micellar systems
containing DEET and Pluronic F127 and the resulting rheograms
were compared with those of the control sample.
Each formulation presented lower viscosity values at 5 ◦C in
comparison to 15 and 25 ◦C, at which they showed aspects similar to
a gel. At 5 ◦C, all samples presented a Newtonian behavior. At 15 and
25 ◦C, all the systems presented a shear thinning behavior and their
viscosities depended on the temperature and shear rate (Fig. 2).
It can be explained by the fact that the PPO block is only soluble
in water up to 15 ◦C. Above this temperature, the hydrogen bonds
between the PPO block and water molecules become unstable, lead-
ing to desolvation of the block, favoring intermolecular interactions
of the polymer chains and micellization (Shvartzman-Cohen et al.,
2009). Such phenomenon explains the increase in viscosity with
heating and the shear thinning behavior observed with the increase
in the shear rate.
Above 15 ◦C, a decrease in viscosity with increased shear rate
was observed for all the systems studied, indicating they are
non-Newtonian systems. With the increase of shear rate, all for-
mulations presented a Newtonian rheological behavior again, a
phenomenon resulting from the orientation of the polymer chains
in the direction of the shear tension applied, with deformation of
the lyotropic domains and elongation of the micelles, which line up
parallel to the shear force direction (Lopez-Barron et al., 2012).Shear rate (s )
Fig. 2. Flow curves for formulation IV at 5 ◦C, 15 ◦C, 25 ◦C. All other formulations
tested in this work presented a similar proﬁle. Newtonian behavior at 5 ◦C. Shear-
thinning behavior at 15 and 25 ◦C.
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minimum disruption of the internal structures. In general, for all
the samples evaluated G′ was higher than G′′, indicating predom-
inance of elastic characteristics over viscous properties for these
systems, a classic behavior of gels (Zhang et al., 2007). Besides this,
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)ig. 3. Determination of the sol–gel transition for formulations I, II and III (A) and
ormulation III (Tgel = 10 ◦C); formulation IV (Tgel = 6 ◦C); 15 wt% Pluronic (Tgel = 30 ◦C
resent the same proﬁle as observed previously in the literature
Fernandez et al., 2009; Ma  et al., 2008; Wei  et al., 2002), showing
urves with sudden viscosity increases, indicating a concentration-
ependent gelation pattern.
At low temperatures, the systems had low viscosity, typi-
al behavior of ﬂuids. At these temperatures, unimers and a
ew micelles formed by polymer and DEET molecules coexist
Zhao et al., 2007). However, there was a sudden increase in
iscosity within a narrow temperature range, in the region of
he sol–gel transition, as also reported by other authors (Jiang
t al., 2008; Lenaerts et al., 1987). In this region, the majority
f micelles are formed and then, their solubility decreases with
he dehydration of the PEO block, forming supramolecular aggre-
ates (Zhao et al., 2007). At the end of the transition, a plateau
as reached where the viscosity became independent of tem-
erature, suggesting that after gelation there was  no longer any
ariation of the viscosity values, indicating the absence of modiﬁ-
ation of the system’s structure with increasing temperature, as
oncluded previously in the literature (Jiang et al., 2008; Tung,
994).
The sol–gel transition temperature declined and the viscos-
ty increased with increasing repellent concentration (from 7 to
0 wt%) in the systems. The presence of DEET probably induced
icellar ordering at lower temperatures, favoring aggregate for-
ation. There was also dependence of the viscosity observed at
he plateau as a function of the DEET concentration, which was
esponsible for shifting the gelation temperature. The increase of
EET concentration led to a raise of the number of micellar aggre-
ates and regions with crystalline organization in the formulations,
ncreasing the probability of entanglement of the polymer chains
nd generating more viscous samples, thus shifting the curves to
he left.
.1.3. Strain sweep tests
To measure the viscoelastic properties of systems formulated
ith DEET and Pluronic F127, it is necessary to know the linear
iscoelasticity region by determining the elastic modulus (G′) and
iscous modulus (G′′). For all the samples, under strain of 0.3%, G′
nd G′′ were independent of the deformation, indicating that the
ystems had reached the linear viscoelastic regime (Fig. 4). Within
he linear viscoelastic regime, G′ was higher than G′′, indicating the
ormation of a material with elastic characteristics superior to the
iscous ones, typical behavior of gels (Basak et al., 2011; Kofﬁ et al.,
006; Lopez-Barron et al., 2012).) and the control samples. Formulation I (Tgel = 18 ◦C); formulation II (Tgel = 12 ◦C);
Starting at around 10% of deformation, the material’s structure
started to rupture, causing reduction of the magnitude of the elastic
and viscous components, indicating the end of the system’s linear
viscoelastic regime and the rupture of the material’s structure. This
behavior was repeatedly observed for all the other samples stud-
ied at the three temperatures applied. According to Youssry et al.
(2008), this phenomenon is due to the formation of an intermedi-
ate structure that resists deformation until a critical point, above
which the structure is broken, leading to alignment of the chains
in the direction of the tension applied, at which point G′′ becomes
higher than G′.
3.1.4. Frequency sweep tests
This type of investigation enables classiﬁcation of a dispersion
as a diluted solution, concentrated solution (system of intertwined
networks), weak gel or strong gel, according to the ratio between
G′ and G′′ (Speroni et al., 2009; Zhang et al., 2007).
These tests were performed under low strain (0.3%) to assureStrain  (%)
Fig. 4. Strain dependence of G′ and G′′ determined by dynamic strain sweep mea-
surement at 1.0 Hz for formulation IV at 25 ◦C. Linear viscoelasticity occurs at strains
below 10%. All other formulations tested in this work presented a similar proﬁle.
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emperature. (D) and gel constituted by 20 wt%  Pluronic F127 (E). (Magniﬁcation 20
he increased temperature led to a rise in the magnitude of G′ and
′′. This behavior was much more pronounced for G′, a result that
an be associated with a greater interaction between the polymer
hains at higher temperatures, strengthening the elastic network
Sturcova et al., 2010) (data not shown).
The values of G′ and G′′ both increased with higher DEET
nd Pluronic F127 concentrations, indicating an increase in the
echanical resistance of the micellar systems. However, we
bserved a small and discrete dependence of the values of G′ and
′′ with the frequency, but with continuing predominance of elas-
ic behavior. Besides this, the G′/G′′ ratio was less than 10 for all
ested samples (Table 1), permitting classifying the systems stud-
ed as weak gels (Tokita and Nishinari, 2009). According to Guo et al.
2009) and Jimenez-Avalos et al. (2005), weak gels are dependent
n the frequency and present a curve for G′ higher than that for G′′,
nd do not present any crossing of G′ and G′′. In elastic or true gels,
he storage modulus does not vary with changing frequency.
.2. Polarized light microscopyTo observe the anisotropic regions, we analyzed two  formula-
ions containing the Pluronic F127 and DEET (formulations I and
V) by polarized light microscopy and compared the results with, (B) formulation IV, (C) 15 wt% Pluronic F127 which does not form gel at room
micrographs of the corresponding systems without the drug. These
analyses were carried out 24 h after preparing the samples. The
results are shown in Fig. 5. Since the control samples, composed of
12 wt%  and 15 wt%  Pluronic F127 without DEET, did not form gels
at room temperature, we studied gels formed by 20 wt%  Pluronic
F127 (Fig. 5e).
It can be seen that the presence of DEET induced the formation
of organized anisotropic structures evidenced by “Maltese Cross”
(Makai et al., 2003). On the other hand, the gel composed only
by Pluronic F127 was isotropic, since its gelation process is based
on the formation of an ordered packing of micelles into a cubic
arrangement (Ivanova et al., 2000; Liu and Chu, 2000). That fact
suggests that the gelation occurs by different mechanisms in these
samples. The presence of DEET transformed the systems structures,
probably by acting as a nucleating agent, inducing the formation of
different anisotropic structures.
3.3. In vitro release studyFig. 6 shows the drug release results for the formulations
studied. It can be observed that the release of DEET from the for-
mulation I was greater and faster than for the control. This fact
can be explained by the drug’s solubility: DEET is a hydrophobic
638 T.N. Barradas et al. / International Journal o
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Fig. 6. Cumulative in vitro release of DEET from formulations I and IV and their
espective control samples (n = 3).
ompound, highly soluble in ethanol. In this experiment, this sol-
ent was a constituent both of the receptor solution and the control
olution. However, in the receptor solution it was  only present at
0%, versus 100% in the control solution. Therefore, the drug does
ot tend to leave the formulation in which it is freely soluble to
he receptor solution in which it is less soluble, because it is more
hermodynamically stable. For this reason, the composition of the
eceptor media and the control sample can inﬂuence the release
roﬁles observed.
The presence of Pluronic 127 can cause osmotic imbalance in
he system, so that water molecules will travel upward through
he membrane. This would lead to dilution of the system and sep-
ration of the micelles, thus destabilizing the formulation. This
henomenon would favor the diffusion of the drug through the
embrane. Such dilution caused by osmotic imbalance could also
lter the polymer’s concentration to levels below the critical micelle
oncentration, resulting in a loss of gel structure and leading
o disassociation of the micelles into free polymer chains (Chun
t al., 2005; Kojarunchitt et al., 2011). Therefore, the drug, which
as enclosed in the micelles, would suddenly become free in the
edium, generating a burst effect upon release (Qu et al., 2009; Ye
t al., 2008).
Besides this, it can be seen that the release of the DEET was
lower, lasting up to 7 h. This observation indicates the occurrence
f rapid initial release followed by a slower and more prolonged
elease pattern after ﬁve hours. Since the micellar system contains
iquid crystalline regions composed of ordered micelles with crys-
alline and amorphous regions, the drug can be located in either of
hese regions. DEET molecules encapsulated in the micelles are in
ynamic balance with those located in the aqueous phase. There-
ore, the DEET molecules preferentially located in the amorphous
egions and outside the micelles are ﬁrst released, explaining the
reater release proﬁle observed for this formulation. The DEET
olecules located inside the crystal regions are released more
lowly. Thus, the crystalline structure observed for this sample can
able 2
ormulation and release kinetic parameters.
Formulation Zero order model 
I R2 = 0.9553 
r  = 0.9773 
y  = 3175.3x + 2362.4 
VI  R2 = 0.7784 
r  = 0.8822 
y  = 937.88x + 4521.5 f Pharmaceutics 454 (2013) 633– 640
pose a barrier to diffusion, exercising a reservoir effect by effec-
tively controlling the drug release (Fig. 5). It was also observed by
Makai et al. (2003), which observed that the lamellar structures
were better able to control the in vitro drug release.
We  compared the DEET release patterns of the two  formulations
to understand the inﬂuence of increasing quantities of Pluronic
F127 and DEET in the systems (Fig. 6). Note that the formula-
tion IV was more effective in controlling and sustaining the drug
release during the period of the experiment. These results can be
explained by the structural differences of the systems in terms
of crystalline regions, which hinder the diffusion of drugs. The
micrographs suggest that the formulation I (Fig. 5a) presents a
less dense structure than formulation IV (Fig. 5c). The apparent
higher density anisotropic regions might hamper diffusion of the
drug through the formulation retarding the rate of drug release.
However, this conclusion should be conﬁrmed by complemen-
tary structural investigations, since the density of Maltese Crosses
depends on the sample preparation and on the thickness of the
sample between the slide glass and the coverslip.
Both formulations presented the highest linear correlation
coefﬁcients (r) when the Higuchi model was applied (Table 2).
Higuchi kinetic model follows the principles of Fick’s law of diffu-
sion, i.e.,  there will be release the drug until equilibrium is reached
between the drug concentrations inside and outside the formula-
tion (Higuchi, 1963; Phan et al., 2011; Ye et al., 2011). Although
the release speed became slower with increased concentration of
Pluronic F127 and DEET, the release kinetics remained the same.
3.4. In vitro skin permeation studies
When assessing the possible skin permeation of DEET, we  noted
that for all samples, detectable amounts of DEET were able to
cross all layers of the skin and reach the receptor solution after
a few hours (Fig. 7a). The increase in the concentration of Pluronic
F127 and DEET clearly decreases the amount of drug permeated
in comparison with the control sample. This phenomenon may  be
attributed to the presence of anisotropic regions in the structure of
formulations, which may  control the drug permeation.
In addition, data from the rheological studies corroborate for
the conclusion that the more viscous systems are more efﬁcient
in controlling the permeation of DEET. The viscosity values and G′
and G′′ for formulation IV were greater than to those exhibited by
formulation I. This fact indicates the formation of a stronger elastic
network that might act as a barrier to diffusion of the drug through
the skin.
The control sample composed of an ethanolic solution of DEET
presented higher drug permeation proﬁle in comparison with the
two formulations tested. It is known that the great majority of
repellent products commercially available are ethanolic solutions
(Karr et al., 2012; Tuetun et al., 2005). Many authors state that
ethanol is able to stimulate the cutaneous absorption of many
lipophilic drugs primarily inducing the solubilization of the lipid
constituents of the skin and dehydrate the skin tissue forming
microﬁssures and pores in the stratum corneum (Karr et al., 2012;
Van der Merwe and Riviere, 2005; Watkinson et al., 2009). DEET
Higuchi model First order model
R2 = 0.9892 R2 = 0.8177
r = 0.9945 r = 0.9043
y = 10985x − 5803 y = 0.3162x + 8.1718
R2 = 0.893 R2 = 0.6772
r = 0.9449 r = 0.8229
y = 3415.3x + 1807.3 y = 0.1458x + 8.387
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Fig. 7. (A) In vitro DEET permeation proﬁles through mice skin after topical application of the formulations studied and control sample. The cumulative amount released was
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rlotted  against time (n = 3). 6.43% of DEET from formulation I permeated the skin, 
omparison, the control sample showed 39.4% of DEET permeation. (B) Percent of t
as  performed in vitro using Franz diffusion cells on mice skin (n = 3).
s a small molecule and with moderate lipophilicity (Fig. 1), thus
enetration through the stratum corneum would occur rapidly. In
his work, there was a reduction of 33–38% of the amount of DEET
bsorbed through the skin (Fig. 7a). Thus, these tests indicate that
oth formulations tested had a greater safety proﬁle than repellent
roducts commonly found on the market which are ethanol-based
ormulations.
At the end of permeation experiments, the presence of DEET in
he skin of mice was determined (Fig. 7b). In general, the tested
ormulations provided greater amount of DEET retained on the
kin compared to control. About 62% of DEET contained in the
ormulation IV remained on the skin without breaching it, when
omparing to 40% obtained for the control sample. This is a beneﬁ-
ial effect since it may  provide a residual protection provided from
his product even after its removal from the skin surface, which
ould beneﬁt practitioners of outdoor activities, people who  might
erform military incursions into forests and other individuals con-
tantly exposed.
. Conclusions
Stable micellar systems containing 5–10 wt%  DEET and 12 and
5 wt% Pluronic F127 were obtained. All the formulations presented
hermoreversible gelation, with declining viscosity as the shear rate
ncreased, characterizing shear thinning behavior regarding ﬂow,
ypical of semi-solid polymer systems.
The presence of the drug drastically altered the rheological
ehavior of the systems based on Pluronic F127 and DEET. The
ol–gel transition temperature was drastically shifted to lower val-
es in a phenomenon depending on the concentration of DEET and
luronic F127. The rheological tests permitted classifying the sys-
ems as weak gels.
The light polarized micrographs suggested that the presence of
EET was able to induce the formation of anisotropic structures,
ith structures such as Maltese Cross, suggesting the drug might
ct as a nucleating agent.
Formulation IV presented slower and more sustained release for
 period of 7 h, which might suggest that formulations with higher
ensity of anistropic regions would be better able to control the
mount of drug released. The DEET release proﬁle of both formula-
ions followed the Higuchi kinetic model, according to which this
elease is governed by Fick’s diffusion law. formulation IV showed no more than 1.66% of the amount of DEET permeated. In
al skin retention of DEET after 6 h of topical application of formulations. The study
All tested formulations exhibited a considerable reduction in
skin permeation and increased retention of DEET into the skin when
compared with the control sample. This fact suggests an improve-
ment not only in the effectiveness of micellar systems based on
Pluronic F127 as DEET but also in their safety proﬁle, making them
promising products for developing optimized topical repellent for-
mulations.
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